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IES  OF  DISTRIBUTED  PRACTICE:  VIII,  LEARNING 
* RETENTION  OF  PAIRED  NONSENSE  SYLLABLES 
AS  A FUNCTION  OF  INTRALIST  SIMILARITY 

BENTON  J.  UNDERWOOD1 

Nmhnsyr*  Unimiitf 


The  rate  of  kerning  paired-adjec- 
tive lists  is  unrelated  to  intertrial 
intervals  up  to  2 mia.  when  lists  are 
presented  at  a 2:2-tec.  rate,  i.eu,  2 sec. 
for  the  stimulus  alone  and  2 sec  for 
the  stimulus  and  response  appearing 
together  (8).  With  materials  of  low 
meaningfulness  the  data  am  somewhat 
contradictory.  In  one  study  Hovland 
(4)  found  that  a 2-min.  rest  after  each 
trial  resulted  in  no  faster  learning  than 
did  a 6-sec.  rest  for  paired  nonsense 
syllables.  In  a subsequent  study  (S) 
however,  the  same  conditions  did  pro- 
duce more  rapid  learning  with  spaced 
practice  than  with  masted.  Further- 
more, the  differences  were  magnified 
if  pairs  were  presented  at  a 1: 1-sec. 
rate.  No  resolution  of  these  conflict- 
ing data  is  available. 

Early  studies  by  Hovland  (e.g.,  S) 
have  consistently  shown  that  in  serial 
learning  distributed  pi  actice  facilitates 
acquisition.  Previously  in  hit  ■ writ- 

* R.  L,  k&rrna  sad  E.  J.  Anker  sspMvited 
tke  gttbeneg  d :5ss  data;  lit.  AreW  gad  Jsek 
Rkhti&on  an  lss**.y  mpoastblc  for  tM  statis- 
tical taaiydt. 

*TM*  awfe  vdt  doee  ander  Caatnct  N?neu'- 
450%,  Project  NR  154-057,  fetomt  North- 
Ttetem  Uehtrety  sad  The  OSes  of  Navel 
Rewssds. 


ings,  therefore,  Hovland  had  theo- 
retically tied  the  phenomenon  of 
facilitation  by  distribution  to  remote 
associations  which  are  formed  ia  aerial 
learning.  But,  having  found  that 
facilitation  will  occur  with  spared 
practice  of  paired  nonsense  syllables, 
hie  lent  theoretical  position  removes 
the  tie  to  serial  associations  and  pos- 
tulates what  sons*  to  be  a work-inhi- 
bition theory.  This  theory  (9)  ap- 
pears to  be  one  which  simply  states 
that  the  more  work  done  per  unit  of 
time  the  greater  the  likelihood  that 
distribution  will  facilitate  learning. 
Considerable  evidence  could  be  mar- 
shalled in  support  of  this  position.  If 
one  is  to  hold  to  such  a theory,  how- 
ever, specification  of  the  relationship 
between  work  end  other  variables 
should  be  suggested.  One  such  vari- 
able it  sreasingfulneas.  That  inean- 
ingfclsess  is  ta  some  way  a variable  in 
determining  erhsthsr  or  sot  spaced 
practice  facilitates  is  shown  by  the 
fact  that  learning  of  serial  adjectives 
it  not  influenced  as  much  by  spaced 
practice  at  is  lea  ruing  of  asrial  non- 
sense lists  (9A3b  Alto,  the  learning 
of  short  verbabdisenminatitm  lists  of 
adjectives  presented  at  a 1 ; 1-aec.  rate 
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is  not  influenced  by  spaced  practice 
(15).  Of  course,  to  handle  such  find- 
ing* one  could  merely  postulate  that 
the  greater  the  meaninjrfulnm,  the 
less  the  work  required. 

Another  variable  which  may  have 
to  be  related  to  work  theory,  or  at 
least  incorporated  into  some  theory  of 
distribution,  is  intratask  similarity. 
In  the  first  place,  Hov'and’s  discard  of 
the  need  for  remote  associations  in 
learning  before  distribution  will  facili- 
tate learning  is  not  easy  to  accept. 
One  must  first  inquire  into  the  basic 
processes  which  produce  remote  asso- 
ciations. One  dt'ansible  position  it 
that  remote  associations  represent 
generalisation  tendencies.  If  this  is 
so,  and  if  generalization  tendencies 
exist  in  paired-associate  learning  (as 
seems  likely,  e g.,  $),  the  quantitative 
continuity  between  serial  and  paired- 
assodate  learning  can  be  maintained 
on  the  bilis  of  the  argument  that  no 
rtseeatiaily  different  processes  are  rep- 
resented by  the  two  forms  of  learning. 
It  it  thus  still  plausible  that  the  key 
to  a theory  of  distributed  practice  lies 
in  number  o£  generalisation  tendencies 
(produced  by  iatratask  similarity)  and 
not  in  the  amount  of  work.  Again, 
however,  work  theory  could  simply 
stats,  that  the  greater  the  generaliza- 
tion the  greater  the  work. 

Accumulating  evidence  suggests 
that  no  ample  theory  of  work  inhibi- 
tion will  he  entirely  satisfactory  for 
both  learning  and  retention  phe- 
nomena associated  with  spaced  prac- 
tice. It.  has  been  shown  that  while 
distribution  of  practice  of  paired- 
adjective  lists  docs  not  affect  acquisi- 
tion rates,  difference*  is  retention 
mmr  as  a function  of  the  iater  trial 
rests  during  learning  (§).  In  another 
study  (IS)  ineraHat  similarity  was 
varied  in  serial  nonsense  lists.  The 
retake  showed  that  fatilsutioc  oc- 
curred with  distributed  practice  but 


this  facilitation  was  no  greater  with 
lists  of  high  aiinslaFity  than  w>i u those 
of  Sow  similarity.  If  one  did  with  to 
postulate  that  work  and  intraiis?  sim- 
ilarity are  directly  related,  s:ich  evi- 
dence is  difficult  to  handle.  And  in 
this  same  experiment,  although  intra- 
list similarity  produced  wide  differ- 
ences in  rate  of  Seaming,  errors  did 
not  increase  systematically  with  intra- 
list similarity  as  one  would  expect  by 
generalisation  theory.  In  brief,  we 
are  abort  on  acceptable  theory  to 
account  for  the  few  well-establisfeed 
facts  we  have  and  we  are  short  on 
empirical  laws  of  some  generality 
describing  relationships  between  inter- 
trial rest,  related  variables,  and  learn- 
ing-retention phenomena. 

The  first  purpose  of  the  present 
experiments  is  to  provide  additional 
facts  on  the  effect  of  iatertria!  rest  in 
learning  paired-associate  nonsense 
hats.  As  pointed  oat  above,  Hov- 
isnd’s  data  are  contradictory  on  this 
matter.  The  «,  c.H  purpose  Is  to 
get  information  on  the  relationship 
between  intraliat  similarity  and  inter- 
trial  interval  as  they  affect  acquisition. 
The  third  purpose  it  to  measure  reten- 
tion as  a function  of  the  two  variables. 
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distribution  of  practice 
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SonaSr  responds  cow  heists-  stimuli.  To 
mn  testis;; 


Exptrimmt 

Stine  'oj 
Similarity 

/Uspmue 

Similarity 

I 

Low 

Law 

11: 

Medium 

Low 

IHa 

High 

Low 

Hr 

Low 

Medium 

lllr 

Low 

Ksgh 

LitU.— Ail  Fist*  were  ccsjsttuetsi  of  ocexntc 
syl.jLfea  of  <5,67%  to  U.33%  (MsoeUtkM  v*hie 
Keordiai  to  Glaze  (2).  E*c&  Hit  CMfisted  of 
ten  pair*.  Jo  th- eberrecceditkaslowstaikrity 
metni  that  there  was  so  reperitioe  of  toy  cot- 
»o*na t sntceg  stimulus  (or  response)  item*  and 
no  vowel  vw  used  more  tb«ft  three  times.  In 
medium  similarity  «*ca  of  St  s Setts**  *m  seed 
twice  at  the  first  letter  of  • syllable  and  esdb 
of  fire  different  letter*  vu  used  twice  ta  end  a 
syllable.  In  high  similarity  only  three  fetter* 
were  cited  to  atari  the  tt»  rrfitbtef  (two  fetter* 
started  three  sad  owe  started  four).  Uhewke, 
only  three  (chhough  different)  csosstosaats  were 
used  to  cod  syllable*.  la  ao  cate  was  a voted 
(center  letter)  used  more  than  three  timet  m a 
list  rnd  common!/-  each  occurred  twice.  That, 
for  a low  utireuhH  (oc  response)  serta,  20  con- 
sonants were  used  to  make  up  rim  10  items,  for 
medium  ainsiferity  £0  were  need,  attd  tor  high 
ttmiUrity,  6.  To  avoid  etimelut-iapaase  gen- 
eralizatkm  rimitarity  bettreee  stimuli  and  re- 
aooaiaes  was  kept  at  low  as  possible  Obviewdy 
torse  .'speritioo  was  unavoidable  but  the  baric 
otindpk  tutknred  was  that  no  fetter  u—d  to 
start  a syllable  oe  the  strai.ilus  aide  vu  used 
to  -tart  a s^tabfe  oo  the  response  aide.  Repcti 
tsen  did  occur  bet  ween  the  firet  fetter*  of  stimulus 
ayUabfea  and  last  fetter*  of  reaponat  ayilablea  or 
between  ft  rat  letters  of  r-vpo&ot  tyiUbta  and 
last  lettera  ol  rtimuha  syUsbfev  Al^  repetition 
be  twee*  feta  wa*  kept  u low  as  possible  store 
each  eaperiaaeat  required  three  few,  one  lor  each 
dsstribatioc  interval.  Kaslfy,  one-  practice  Skt 
(d  medium  similarity)  wsa  sated  for  aO  five  etper- 
iiceatt.  Ail  lira  were  pretested  on  a HcB-type 
dram  at  * 3:2-*k.  rate  with  taming  by  the 
antietpatk*  rwthod,  in  which  S spelled  the 
ayilafcie.  Three  orders  of  presentation  set  need 
to  ssfOt d aerial  taming. 

Specific  remfesmf. — Each  experiment  an- 
ployed  -f  ctikjt  luwuu  i,  S*.  Eases)  j a*a 
one  pretties  session  and  four  tiperimcrtel  ten- 
sions, the  feat  experimental  aetata,  requiring 
only  recall  and  refearmng  of  the  1st  learned  the 
previous  day.  On  she  practice  dry  S Warned 
the  list  to  6 out  of  !0  correct  respoeres  on  t sjaglt 
trial,  the  tarubg  bemg'  by  matted  practice  (4 
sec.  between  triala).  He  was  I has  hsatroctad 
ccmcsnung  the  rest-interral  activity  to  he  uaed 


to  fill  the  interim?  rest*  during  distribetsd  eras 
ti«.  TH»  activity,  symtaf  eearefiatioa,  h» 
brea  espiakua  in  detail  in  a pswrtoaa  report  rie). 
Folfewteg  the**  fettructicat  S txsatfaus!  fears' 
tag  with  a 30-sec,  rest  between  «:fi  trial  nati1 
one  perfect  trial  was  achieved.  After  5 ®ta, 
recall  and  retaining  took  place.  On  egtafr 
mean!  days  S tame*;  three  ILsa,  one  uader  eseb 
cf  the  three  istettriti  rest  traditions  (4, 10.  ® 
see.),  tat,  of  course,  cel;  use  Est  each  day. 
Learning  waa  Always  carried  to  m perfect  refi- 
ts two  and  recall  and  retarakg  (by  massed  prmv 
tice)  occurred  after  24  hr.  A given  8»t  waa 
always  itoficd  tad  idtarati  feta  Wanting  the 
list  whirl*  h taro  was  nealed  and  rafeamfl  thn 
foliosring  day. 

With  three  roreHrioa*  and  three  feb,  eom- 
ffete  couattsbakadag  of  both  Sate  and  eossdi- 
tiees  k achfevttd  wish  26  u.  The  gmip  «f  & 
were  matched  an  the  eemmon  practice  bar, 

Result* 

Practice  list. — The  mean  number  oi 
trial*  to  learn  the  prtrtkr  Iwt  wa* 
29,75,  29.06,  29.42,  28.72,  and  5033 
for  Exp.  I,  II*,  III*,  Hr,  and  Tilt, 
respectively.  The  vamnee  is  homo- 
geneou*  for  the  distribution*  6e  which 
these  mean*  are  based  and  F is  less 
than  1.  For  all  groups  combined  the 
product-moment  correlation  between 
trials  to  leant  the  practice  list  and 
trials  to  learn  the  three  experimental 
lilts  combined  is  .57  d:  07.  The 
mean  number  of  errors  per  trial  on  rise 
practice  list  was  1-23, 1.41, 1.07, 1.24, 
and  s .33  for  the  five  group*  in  order. 
The  F i*  1.56  and  with  4 and  175  4f 
an  F of  2.42  i*  needed  for  aispiic&nce 
at  the  5%  level  of  cmtfideaee.  -The 
correlitior.  between  error  frtsjuesef 
on  practice  list  and  on  thres  expesv 
mental  lists  combined  was  -65  ± 07. 
It  may  be  concluded  that  the  groups 
were  tnitiaMy  ombb»*«H*.. 

Le«rmn$  «/  experimental  Hits.— -The 
mean  number  cf  trials  to  leers  the 
experimental  lists  for  tht  three  inter* 
trial  rest  intervals  for  all  five  experi- 
ments it  shown  is  Table  1 and  plotted 
in  Fig.  1.  The  statistical  aadpaie 
initiall;  deals  with  Exp.  I,  ils,  and 
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TABLE  i 

Mx\n  Tiuals  to  Lcask  P>;»*o  Nor***** 
Ljm  a*  a FvKcnon  or  Stikvw»  axo 
Rsiro^rs  SmsuKmr  A»n  Lihctt 
or  lirmnuL  Rtrr* 


■s 

Kan. 

| letcnrisl  Ren 

4 art. 

M «... 

60*CC. 

I ' 

23.57 

22.42 

2J.S3 

li* 

24.78 

23.44 

29.2$ 

Ills 

25  86 

32.89 

29J9 

Hr 

24.19 

21.42 

21.50 

Ulr 

25.22 

23.69 

24.27 

*Ktttm»o I nti*  IJO. 


HI*  independently,  and  then  with 
Exp.  I,  ilr,  and  Illr.  In  this  and  all 
other  analyses  to  be  presented,  vari- 
ance was  shown  not  to  be  hetero- 
geneous. 

The  essential  terms  of  analysis  of 
variance  for  Exp.  I,  lit,  end  Ills  are 
shown  in  Table  2.  The  rationale  and 
proof  of  this  technique  have  been  pre- 
sented elsewhere  (1).  For  evaluation 
of  significance  of  similarity  the  proper 
error  term  it  St/Similarity.  The  F 
of  S.29  is  beyond  the  value  (4.82) 
needed  for  significance  at  the  1% 
level!  For  evaluating  the  effects  of 
other  variables  the  appropriate  error 
team  is  Pooled  Ss  X Practice/SimUar- 
ity.  Terms  necessary  for  evaluating 
list  differences  within  a given  level  of 
similarity  are  not  included.  It  will 
be  observed  that  intertrial  rest  Is  not 
a significant  source  of  variance,  F 
being  less  than  1.  In  Fig.  1 the  curves 
for  Exp.  lit  and  Ills  (medium  and 
high  stimulus  similarity)  have  quits 
different  shapes.  This  is  reflected  in 
the  interaction  term  in  Table  2 (Inter- 
trial  Rest  X Similarity)  which  is  sig- 
nificant at  about  the  3%  level  of 
confidence.  The  r ather  bizarre  shapes 
for  these  tw;,  curve*  argue  against 
accepting  this  interaction  as  being 
psychologically  meaningful.  From 
the  analysis,  however,  two  conclusions 


are  straightforward  lot  these  three 
experiment*  in  which  tnterlsst  stim- 
ulus similarity  was  manipulated:  (a) 
as  interlist  stimulus  similarity  in- 
creases, rate  of  learning  decreases,  and 
(4)  intertrial  ret;  producer  no  differ- 
ences in  learning  for  any  level  of 
similarity. 

Turning  next  to  results  produced  by 
variation  in  response  similarity  (Exp. 
I,  Hr,  and  Illr),  we  may  first  note 
that  similarity  is  not  an  effective  vari- 
able as  far  as  trials  to  learn  it  con- 
cerned. The  complete  statistical  anal- 
ysis will  cot  be  presented.  It  is 
sufficient  to  report  that  F for  similar- 
ity is  less  than  1.  Thus,  variation  in 
similarity  which  produces  differences 
in  rate  of  acquisition  when  it  obtains 
among  stimuli  has  little  influence  on 
learning  when  present  asssag  re- 
sponses. Although  Fig.  1 might  sug- 
gest that  learning  was  more  rapid 
under  conditions  with  30-  and  60-sec. 
intertrial  rests  than  for  4-aec.  rest  for 
Exp.  I,  Hr,  and  Illr,  the  F for  inter- 
trial  rest  (2.10)  falls  considerably  short 
of  the  value  (3.04)  needed  for  die  5% 


Fio.  1.  Learning  u a function  of  intettriai 
interval  tod  utrsEst  similarity.  I,  lit,  and 
Ills  indicate  inereasbtf  stimuli!*  similarity;  L 
Ur,  and  Illr  indicate  hmeaSag  rapaeea 
similarity. 


DISTRIBUTION  OF  PRACTICE 
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level.  Again,  then,  we  have  no  evi- 
dence to  support  Hovland’s  (S)  finding 
that  distributed  practice  will  facili- 
tate acquisition  of  paired  nonsense 
lists. 

Finally,  it  must  be  pointed  out  that 
the  lists  in  which  response  similarity 
wsj  manipulated  were  learned  more 
rapidly  than  those  in  which  stimulus 
similarity  was  manipulated.  Disre- 
garding intertrial  rest,  the  mean  num- 
ber of  trials  to  lean  the  medium 
stimulus-similarity  lists  (Exp.  Us) 
was  25.50.  When  these  lists  were 
’'turned  over”  so  that  similarity  was 
among  responses  the  mean  was  22.3? 
(Exp.  Ur).  The  corresponding  val- 
ues for  the  high-similarity  lists  (Exp. 
Ills  and  Ulr)  were  20.7!  and  24.40. 
F is  highly  significant  (5.36).  The 
analysis  of  errors  during  learning,  to 
which  we  now  turn,  adds  information 
which  will  be  useful  in  interpreting 
these  differences. 

Error/  daring  framing. — The  mean 
number  of  overt  errors  per  trial  in 
learning  is  (mown  for  each  condition 


TABLE  2 


Amuvstt  or  Vasia wet  rca  Msan  Numbs* 
os  Thiers  to  Luir  w 
Exr.  I,  Eh  abb  IE* 


SnnaVVufatia 

4 

Men 

Sfaoart 

n 

Similarity 

2 

I58&M0? 

S39 

Sj/Simitor'ty 

105 

299X439 

Practice 

2 

884 MU 

1<VS4 

Practice  X Similarity 

4 

iosn 

— 

Internal  rest 

2 

turn 

— 

Ietmrial  rest 

X Similarity 

4 

177.3040 

2.98 

Lbu/SimSarity  (pooled) 
Peeled  St  X Practice/ 

6 

*■» 

i9t 

Tout 

S2J 

« was  a m4  w*  (tm&,  w tt  as  h**  a tm.  mt 
v at,  sj*.  Wkk  s «ad  w»  (isiMf.  r « as  in* j* 
J.M  and  ft  at.  4.TI.  WKfa  « e*4  MS  MSS)  #.  Fti  M 
I*  MU  kS  U Mt,  Ml. 

•*TM»  mu  aqsare  fata  ■»  nufai  oaeest  wfan 
far  aim  daw*  w «Sjbw  OMmtaem  to  t*»  dlXrafay  orfeKl* 
wSTwatekr  trsU. 


?«.  2.  Own  farm*  per  trial  ia  leer  stag  w 
a fcsetfaa  ot  intouiai  iMteriS  and  iK^t 
iWWq 


ia  fig.  2.  The  first  fact  demonstrated 

by  Fig.  2 is  that  variation  in  response 
similarity  (Ur  and  II!r)  resulted  in 
greater  error  frequency  than  did  vari- 
ation in  stimulus  similarity  (Hs  and 
Ills).  Thus,  while  Seaming  was  mors 
rapid  with  variation  in  response  simi- 
larity than  with  variation  in  stimulus 
similarity,  more  errors  per  trial  were 
made  in  the  former  instance. 

A second  fact  ia  that  similarity  was 
a significant  source  of  variance  for 
Exp.  I,  Ur,  and  Ulr  (/  is  13.2)  with 
error  frequency  varying  directly  with 
similarity.  With  variation  in  stim- 
ulus similarity  F is  4.15,  which  falls 
between  the  1%  and  5%  levels.  Here 
there  is  no  direct  relation  between 
similarity  and  error  frequency  since 
the  cumber  of  errors  for  the  high- 
similarity  lists  (lUs)  is  slightly  less 
than  for  the  lists  of  medium  similarity 
(lit). 

A third  fact  to  be  noted  in  Fig.  2 is 
that  for  Exp.  1,  lie,  and  Ills,  error 
frequency  decreases  with  increasing 
length  of  intestriai  rest.  The  F Is  8.31 
which  is  well  beyond  the  1%  confi- 
dence level.  On  the  other  hand,  no 
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relation  obtains  between  error  fre- 
quency and  intertrial  rest  for  variation 
in  response  similarity 
Rretsil. — All  lists  were  recalled  and 
relearned  24  Hr.  following  original 
mattery.  In  analysing  the  recall 
scorn  for  Exp.  I,  lit,  and  His,  only 
two  significant  source*  of  variance 
wen.  found.  One  of  these  was  stage 
of  practice,  with  poorer  recall  asso- 
ciated with  later  stages  of  practice. 
This  confirms  previous  findings  with 
serial  lists  (II).  The  second  signifi- 
cant source  of  variance  was  similarity, 
with  recall  better  the  higher  the  simi- 
larity. Intertrial  interval  during 
learning  had  no  influence  on  retention 
as  measured  by  recall. 

When  Exp.  I,  Hr.  and  HIr  were 
subjected  to  analysis  of  variance,  only 
stage  of  practice  was  found  to  be  sig- 
nificant. Unlike  variation  in  stimulus 
similarity,  variation  in  response  simi- 
larity produced  no  differences  in 
recall.  It  will  be  lemestbered  that 
variation  in  stimulus  similarity  pro- 
duced differences  in  rate  of  learning 
whereas  response  variation  did  not. 
It  is  possible,  therefore,  that  differ- 


ences in  recall  ae  a function  of  stimulus 
similarity  may  be  due  to  differences  in 
number  of  reinforcements  (correct 
response*)  during  original  learning, 
To  examine  this  possibility  an  item 
analysis  of  learning  hat  been  nude  in 
which  number  of  reinforcements  is 
held  constant.  When  this  is  done, 
differences  in  recall  as  a function  of 
stimulus  similarity  disappear,  lie 
result*  of  this  analysis  for  Exp.  I,  Us, 
and  Ills  are  shown  in  Fig.  3.  When 
items  having  the  earns  number  of  rein- 
forcements are  compared  (ignoring 
intertrial  interval),  there  are  no  appre- 
ciable differences  in  recall  as  a function 
of  similarity.  The  raw  recall  scores 
also  showed  better  retention  for  Exp. 
II*  and  IHs  than  for  Hr  and  I Hr. 
Here  again,  however,  when  compared 
by  item  analysis  to  that  f requeue/  of 
reinforcement  is  equal,  no  differences 
of  any  consequence  are  apparent.  It 
must  be  concluded  that  differences  in 
similarity  per  se  have  little  influence 
on  retention  as  measured  by  recall. 
This  confirms  previous  results  with 
paired  adjectives  (8). 

It  was  pointed  cut  earlier  that  more 
errors  occurred  in  learning  lists  in 
which  response  similarity  varied  than 
in  those  in  which  stimulus  similarity 
varied.  It  might  be  expected  that 
such  differences  would  occur  in  overt 
errors  at  recall  and  such  is  the  case. 
For  Exp.  IIs  and  IHs  the  total  errors 
for  all  three  conditions  was  150  and 
104  respectively;  for  Exp.  Hr  and  HIr 
the  corresponding  values  were  171  and 
186. 

Me*rni*g.-~ Taken  singly,  none  of 
the  major  variables  influences  rate  of 
relearning.  However,  for  both  stim- 
ulus similarity  and  response  similarity 
the  interaction  between  stage  of  prac- 
tice and  similarity  is  highly  significant- 
The  F for  stimulus  similarity  k 6M 
and  for  response  similarity,  5.33,  with 
an  F of  4.71  needed  for  the  1%  level. 
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With  high  rinilarity  (either  Ilia  or 
Il’Ir),  the  mean  somber  of  trial*  to 
relearn  decreases  as  a fur  erica  of  stage 
of  practice,  the  values  being  9.33, 
8.23,  and  6.06  for  £zp.  Ills  sad  8.02, 
7 36,  and  6.89  for  Hlr,  for  the  three 
stages  of  practice  in  order.  For  sow 
similarity  (Exp.  I),  on  the  other  hand, 
the  mesa  number  of  trials  to  relearn 
increases  as  a function  of  stage  of  prac- 
tice. these  means  being  5.33, 6.06,  and 
7.58.  This  interaction  between  simi- 
larity and  stage  of  practice  may  be 
expected  on  the  basis  of  differences  is 
inUrlist  similarity  which  resulted  from 
variation  in  intraiut  similarity.  In 
these  experiments  three  experimental 
lists  were  used  for  each  level  of  simi- 
larity. Intralist  similarity  was  varied 
by  manipulating  the  number  of  re- 
peated consonants  With  iovr  intra- 
list  similarity  consonants  became 
repeated  among  lists  as  a result  of 
avoiding  duplication  within  lists. 
With  high  similarity  repetition  among 
consonants  in  different  lists  was 
avoided  because  of  high  repetition 
within  lists.  Therefore,  we  would 
expect  considerable  iuteriist  interfer- 
ence for  low  similarity  lists  and  amount 
of  interference  should  be  directly 
related  to  stage  of  practice,  i.e.,  num- 
ber of  previous  lists  learned.  Thus, 
it  would  seem  that  with  low-similarity 
Into  interference  among  lists  more 
than  counteracted  the  effects  of  prac- 
tice, while  thia  was  not  true  in  the 
high-  similarity  lists.  Other  measure* 
(e.g.t  recall  scores)  are  consistent  with 
this  hypothesis  but  since  this  finding 
ia  ttrflAdtrv  to.  the  major  purpos e of 
the  paper,  such  data  will  not  be 
detailed  here. 

Finally,  it  mav  be  mentioned  that 
the  errors  per  trial  during  relearn- 
ing followed  a pattern  almost  identical 
with  that  during  original  learning. 


Discwcaioit 

In  none  of  the  five  experiments  has 
any  facilitation  malted  in  learning  by 
spaced  practice  as  compared  with 
massed.  Furthermore,  the  results 
argae  against  a simple  work-in hibstioe 
type  theory.  In  Holland's  (S)  study 
in  which  facilitation  by  distributed 
practice  did  occur,  the  mesa  number 
of  trials  to  learn  was  16.4  for  the 
massed  condition  aad  13.5  for  the 
spaced  conation.  In  the  present 
experiments  the  mean  number  of  trials 
varied  from  22  to  33.  If  work  inhi- 
bition is  involved,  it  would  be  sus- 
pected that  greater  inhibition  would 
have  occurred  with  massed  practice  in 
cur  experiments  than  in  Hovtand’s 
experiment*.  Now,  it  Is  true  that 
Hovt&nd’s  distributed  condition  con- 
sisted of  a 2-yrin.  intersriai  rest  where- 
as oer  longest  interval  was  i min. 
But,  some  consistent  trend  toward 
faster  learning  with  distributed  prac- 
tice should  be  present  in  our  data  even 
with  1-aie.  rest*  if  work  :nhibiti©ts 
develop*.  Such  was  not  the  case. 
Another  possibility  to  account  for  the 
discrepancy  may  be  osatamed  fa  the 
fact  that  HovUuuf  a So  were  extremely 
trdi  practiced.  This  is  reflected  in 
the  mean  values  given  above.  In  a 
previous  study  (9)  we  have  shown  that 
for  serial  learning  differences  between 
rate  of  learning  under  massed  and  dis- 
tributed practice  do  not  change  appre- 
ciably as  a function  of  stage  of  practice 
but  it  is  ttfll  remotely  possible  that 
atage  of  practice  could  be  a variable 
for  paired-associate  learning.  For  the 
present  the  contra  diction  between 
Hovland’s  two  studies  (*J)  and  aur 
results  cannot  be  satisfactorily 
resolved. 

Coa&tmfoi  preriwM  iadiag*  Oi  tbs  jprasM 
rmtli*  gfas  as  MSport  m gmwafintiot  as  a 
critical  pwcm  la  Mamies  {Musd^MecIsw  B*» 
by rnsied sad tfotribatta ptsette.  Whkvsri- 
atfce  h triaslM  risriSsrity  wife  Sfitnasw  hi 
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rat*  of  tarahg  occurred  but  no  feciiiutjoe  by 
•paced  fTwetk*"  vn  observed  for  an y ievsl  of 
sinularity  There  tree,  then,  no  fateractka 
between  dmilsrity  sad  inter  trial  rot.  Similarly, 
ia  learobg  serial  noeeeate  late  (11)  inters  erica 
between  these  two  variables  has  not  bcca  signiS- 
cui  However,  iatvrscrioc  between  intertrial 
reel  end  straSanty  did  appear  b an  earlier  study 
(12)  sriag  serin!  adjectives,  with  Sets  of  high 
similarity  shoeing  more  fac&tatioa  than  fists  of 
V>*  aimilarity.  This  finding  is  being  checked  at 
tfca  present  ties  with  a son  extensive  series  of 
coadhwsK.  Except  fee  this  oat  case,  variation 
in  btnutk  ibluity  does  act  teem  a reveal 
processes  which  st*  essential  a the  study  of  the 
tnSuswe*  of  d*  tribe  ted  practice. 

The  data  have  shorn  that  whfie  venation  b 
•taeshts  similarity  among  paired  associates  pro- 
tints*  ugaifkantiy  different  meet  of  learning, 
comparable  variation  among  response  terms  does 
mot  That  similarity  meet  responses  has  aa 
inference  it  shown  by  rise  direct  bcmsc  b overt 
terra*  with  increase  b similarity-  It  assess 
Bkdy  that  with  iacreariag  aimuarity  among 
responses  not  only  am  interference  tendencies 
increased  bnt  also  factors  wishing  far  faeffitatfan 
ha  feamhg.  It  hat  (ms  shewn  ihsefcan  (7) 
that  b a transfer  duration  with  variation  b 
response  eimttarity  between  fists,  large  amoants 
of  positive  Snoefe  may  occur  even  with  a high 
fieqseoty  of  errors  front  the  frtt  to  the  w«<l 
Hr.  In  the  present  experimantt  with  beraoae 
in  itqmn  sueStu'.t/  rise  number  of  different 
Sjttass  to  be  given  by  S b vcfibg  the  syfiabbs 
rSeaesses  Thus,  u tbuUiity  increases,  S mast 
remember  teaser  individual  letters  (which  should 
fadfitate  acqoisttuo)  bnt  mast  discriminate 
which  particular  msirnttnu  of  detes  tew 
letters  mast  be  attached  to  the  diffmnt  stimuli 
(which  tknll  retard  banding).  If  those  two 
poewts  a r*  b rough  balance,  little  change  b 
ret*  of  teaming  ns  a reaction  ef  response  afanBar- 
ity  should  Ik  expected.  On  the  other  hand,  with 
increase  b stimulus  similarity  only  the  inhibiting 
or  interfering  factor  bereaeer.  S has  to  learo  to 
respond  with  dfasbriiar  response*  to  increasingly 
similar  stsaafi.  As  timSsrity  eiaopg  these 
sfesraS 

etisnnJi  to  which  the  discrete  resprsses  ate  ta  be 
attached  becomes  more  diSkait  la  rids  ah»- 
xtioa,  however,  it  fe  not  dear  wayurron  oo  not 
increase  dkwdy  with  bcreaae  b stSmabs  ssml- 
iwltf.  The  fact  that  the  same  mesh  wet  evi- 
dent b serial  kstroiug  cf  nonsense  tyUeUm  (11) 
shows  that  the  lew  has  some  gen srafity  bet  no 
pwm  has  betas  nggntti  to  stoma  far  it. 

The  final  result  requiring  swamest  is  the 
deesetsc  b error*  as  a reaction  of  btattrial  mi; 
withjririnri'.*  fat  stfersbv  tiraHsrity  overt  error* 
Screwed  directfy  with  Smith  of  fatertrial  rest 


With  variation  b reapers*.  slsBcrity  no  sack 
relationship  was  observed.  It  may  also  fee 
repotted  that  b e comparable  series  of  satpm- 
meett  (manuscript  b preparation)  with  paired 
adjectives,  sheet  the  same  results  were  obtained 
except  tint  some  decrease  b errors  (significant 
at  $%  level)  was  present  with  variation  b 
response  similarity.  Such  findings  might  be 
interpreted  as  evidence  for  s drifereatbi-for- 
gettbg  theory  as  proposed  by  MeUeccb  (0). 
This  theory  states  that  erroaeeet  response  ten- 
dencies, since  they  are  weaker  than  correct 
response  toadraefaa,  will  drop  ant  orbs  forgotten 
shr  rtpfefly  over  a rest  btervaL  If  this  is  tbs 
earn  b die  present  experiments,  we  would  expect 
faster  learning  by  distributed  practice  (eebss 
sons*  other  process  eossWKti).  The  tkwy 
has  bcca  offend  so  account  for  faster  bursting  by 
distributed  practice  than  by  masted;  hers  we 
find  evident*  fee  the  theory  b terms  of  Strutt, 
but  them  is  no  fwdKtatfan  by  distributed  prac- 
tice. Error  frequencies  for  the  promt  experi- 
ments hare  bus  asdjnstl  by  Ybceat-type 
asms  u a function  of  stags  of  Irantbg  a given 
fiat.  The  masted  and  distributed  condition! 
were  plotted  separately.  Tide  analysis  thawed 
no  eppsnebbb  differences  b the  shapes  of  the 
carves  ss  a fnectSm  of  btenrial  interval  althoegh 
them  was  a trend  for  the  differences  fa  error 
frequency  to  be  greater  early  b Wanting  than 
lata  b banting.  !£  St  is  reswreabio  to  suppose 
that  weak  error  tendencies  are  mote  frequent 
early  b learning  than  1st*  b fearafag,  risen  thee* 
met  carves  canid  be  said  to  rapport  n differ  - 
cotial  forgetting  theory.  Oa  the  other  hand, 
the  faet  that  the  error  fmquc&ae*  during  retarn- 
fag  by  massed  practice  wem  less  for  lists  teemed 
by  Attribution  than  for  fists  tamed  by  massbg 
would  signs  against  dm  d ifferen tisJ-fcegetting 
theory  uniats  some  permanent  emr-redocrioe 
proems  is  postulated-  It  mast  be  repeated  again, 
however,  that  to  differences  b taming,  recall,  or 
rufaamfajg  win  toned  so  that  if  rite  differentfal- 
fcwgutting  theory  is  said  to  be  supported  by  the 
error  data,  it  most  be  quickly  added  that 
no  wtienhh  effect  on  correct  responses  was 
observed  st  any  rinse.  In  previous  experiments 
iritb  serial  fists  (10)  cod  b tbs  present  experi- 
ments, tstat  frequency  scents  to  bet?  little  rela- 
tionship to  performance  measured  by  correct 

FBipOMAs 

Another  factor  which  might  be  relevant  to 
enor  frequencies  is  the  rest-bterval  activity. 
It  was  demonstrated  earlier  (10)  that  cob* 
naming  during  tbs  distribution  interval  produces 
many  more  errors  than  dose  symbol  caseeilatfaa 
(the  activity  need  b the  present  experiments). 
Furthermore,  the  same  differences  were  present 
during  rrieeromg  by  roamed  practice.  These 
differences  were  btemreted  to  be  tbs  ecetee- 
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queue*  of  I rtspoodfasj  set  hdcced  by 

colof  csrou'^f  althccyEi  «w  were  unable  to  raW 
out  cistirdy  an  error-depfsetcat  rfftct  of  lymM 
cancellation.  In  tyssbei  c$a<^Q*tfc?  rtry  few 
e*fw*  jit  made;  metrocticm  for  actor  try  art 
siren  each  day  S caned*.  It  it  possible  that  S 
derdces  a tendency  to  make  fewer  error*  in 
leaming  se  s consequence  of  actvsBy  soaking 
very  few  mom  fet  sywbol  caned!*  rioa.  The 
present  data  >«  not  wcS  sotted  for  an  fastens*! 
asalyti*  by  stage  of  practice  u>  determine  if  wet 
a ret  ii  dcreSopinj.  Sack  u anaiytia  fats  beee 
made  sad  the  rcadtt  shew  mode  which  would 
nspport  the  ett  hypothesis  bet  the  diffeencra  do 
not  attain  statistic*!  tipdiccBce.  Moreover,  if 
seers  an  enoMsfidag  set  is  tn&t  tip,  K r*  not  s 
genersl  Sadia*  sfases  it  fees  not  been  pretest  in 
serial  learning  (SI)  nor  *.'*  it  bam  evtisrt  is  the 
pretent  exiperiaaeasra  fas  which  renpeme  sSwSarity 
was  maaipebtsd.  For  the  prcsoat,  the  corre- 
Utet  of  the  phenomenon  of  fewer  errors  with 
longer  int-itrwi  testa  most  be  left  oatpceiSed 

StmUAKY 

Five  experiment*  were  performed  to 
study  the  effect  of  («)  intertrUl  rest 
and  (b)  intralitt  stimulus  and  intralist 
response  similarity  on  lea  ruin*  and 
retention  of  lists  of  paired  nonsense 
syllables.  The  three  intertrial  inter- 
vals in  each  experiment  were  4,  30, 
and  50  sec.  In  one  experiment  the 
lists  had  low  stimulus  and  low  response 
similarity;  in  two  others  the  stimulus 
similarity  was  medium  and  high, 
respectively,  with  response  similarity 
low;  in  the  other  two  experiments  the 
response  similarity  was  medium  *nd 
high,  respectively,  with  stimulus  simi- 
larity low.  Similarity  was  manipu- 
lated by  varying  the  frequency  of 
repeated  letters  making  up  the  syl- 
lables of  a given  list.  All  learning 
was  carried  to  one  perfect  trial  with 
retention  of  each  list  measured  after 
24  Jjs^  FanK  avwan' m nn » In  yolvffl  36 

Ss.  The  result*  show: 

1.  There  was  ao  inSueact  of  iatw- 
tri&l  rest  on  rate  of  learning  in  any  of 
the  five  experiments.  Overt  error 
frequency  wu  inversely  related  to 
iatortriai  rest  for  experiments  in  which 
stimulus  similarity  was  manipulated. 


2.  Difficulty  of  learning  increased 
with  increase  in  stimulus  similarity 
but  remained  unchanged  for  variation 
in  response  similarity.  Overt  errors 
increased  directly  with  response  simi- 
larity b"t  not  with  stimulus  similarity. 

3.  No  differences  in  retention  oc- 
curred es  a function  of  either  intertrial 
rest  or  similarity. 

The  results  do  not  support  Hov- 
land’s  latest  study  in  which  learning 
of  paired-nonsente  lists  was  facilitated 
by  distributed  practice.  The  major 
differences  in  procedure  are  that 
Hovtasd  used  a 2-tnin.  intertrial  rest 
(compared  to  the  maximum  1-mm. 
rest  in  the  present  experiments)  and 
his  St  were  much  better  practiced 
than  those  used  here.  The  present 
findings  further  support  the  coudusion 
that  intratask  similarity  it  not  an 
important  variable  in  the  study  of  the 
influence  of  intertrial  rests  on  learning. 
The  fact  that  variation  in  stimulus 
similarity  produced  differences  in  rate 
of  learning  whereas  response  similarity 
did  not  may  be  explained  on  the  basis 
of  the  different  roles  played  by  simi- 
larity in  the  two  cases.  The  finding 
that  fewer  errors  occurred  with  dis- 
tributed practice  than  with  massed 
practice  when  stimulus  similarity  is 
varied  is  unaccounted  for,  but  such 
differences  in  error*  appear  to  have  no 
relationship  to  rate  of  learning. 

(Received  August  18,  1952) 
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B*t  steaterity.  /.  «p.  PntkJ..  J9S2. 
**,*M7. 

12.  Ueaoawoo*,  & j,  A Gou,  D.  MSu«! 

dfetriSrated  practise:  3.  Tke  SkIomk*  of 
riasStrity  b mmI  teusteg. 
/.  «*,  PtyctoL  im, «,  U5-1K 
12,  Urww.wiooe,  B.  I-  ft  Vrrsajw,  It,  O. 
Sta&w  of  dktriibw'tsd  pmcriee;  IV.  The 
tS.-<et  of  abtiariqr  oer!  tab  of  praaesfe- 
|b  wrtri^bcffcifaatSfii  Jujr^^,  J. 

***.  PjyeUn  1911  «?  39M&, 


